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ABSTRACT OF THE DISCLOSURE 
A fast acting transistorized switch circuit incorporat- 
ing a novel complementary PNP-NPN configuration em- 
ploying both positive and’ negative feedback. Upoa the 
application cf a positive input pulse to the input ter- 
minal, the positive feedback overrides and regeneratively 
drives a transistor into saturation. Upon the removal 
of the positive input pulse, the negative feedback over- 
rides and drives both transistors into fee off condition 
in which state the circuit draws no power. 



The Invention described herein may be manufactured 
and used by or for fee Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

The present invention relates to a transistor comple- 
mentary regenerative switch, and more particularly re- 
lates to a complementary regenerative switch character- 
ized by a PNP-NPN configuration having a positive feed- 
back path and' a negative feedback path. The positive 
feedback is present during the application of a signal 
input to the switch, and in which the positive feedback 
ratio is greater than the negative feedback thereby per- 
mitting regeneration. 

Tne present invention seeks to provide a complementary 
regenerative switch consisting of PNP-NPN transistors, 
fee circuit comprising the switch being DC coupled 
throughout, and in which the circuit of fee switch con- 
sumes no power when not being used, and consumes 
power only while a signal input is applied, thereto. The 
advantage of this type of operation is feat it permits long 
life of the circuit components. It is seen that fee circuit 
of the invention is unlike the Schmitt trigger, and fee 
present invention provides a complementary' shaping cir- 
cuit feat turns itself off when the input is removed. 

In fee circuit of the regenerative switch of fee inven- 
tion, both transistors of the complementary shaping cir- 
cuit are in the OFF state. When an input signal is ap- 
plied to the base of a first transistor, both the first and 
the second transistors are turned ON, and fee second 
transistor is driven into saturation, while the first tran- 
sistor operates along its linear characteristic. 

An object therefore of the present invention is to pro- 
vide a circuit comprising a complementary regenerative 
switch so that after removal of an input signal from 
fee circuit, fee circuit automatically turns itself off there- 
by dissipating no stand-by power. 

Another object of the present invention is to provide 
a switching circuit in which, the comparatively smaller 
output impedance, as compared to fee output impedance 
of a conventional Schmitt trigger circuit,, is present. 

A further object and advantage of the invention is 
to provide a switch circuit that accepts any undefined 
voltage wave shape and produces from fee output thereof 
a square wave output, and is capable of being produced 
on a single chip molecular circuit. 

A further, advantage and primary characteristic of fee 
circuit is feat when fee input wave Shape is no longer 
applied to the circuit input, the circuit shuts itself off 


2 

and draws no power whatsoever. This characteristic, of 
course, is important as it is one means toward an ex- 
tremely long lifetime for the circuit components; 

The above and other objects and advantages of fee 
5 invention will become apparent upon full, consideration 
of the. following detailed description and accompanying 
drawings in which: 

FIG. ! is an electrical schematic circuit diagram of 
a complementary regenerative snitch according to fee 
10 preferred embodiment of the present invention; and 

FIG. 2 is a wave form diagram of the voltage inputs 
and outputs that are characteristic of the complementary 
regenerative switch of FIG. 1. 

Referring now to the drawings, there is shown a coin- 
15 plementary regenerative switch id having a pair of com- 
plementary transistors 12, 14, each transistor having an 
emitter, collector, and base. A positive terminal of a 
direct current potential source is connected to- a terminal 
16, and this is connected directly to the emitter of the 
20 PN? transistor 14, and the negative terminal of fee di- 
rect current potential source (not shown) is connected 
to ground IS. The emitter of fee NPN transistor 12 is 
connected directly to ground By means of resistance 22, 
and a further resistance 24 is seen connected between fee 
25 emitter of transistor 12 and fee collector of transistor 
14. Also from the collector of transistor 14, there is an 
R-C network including a resistance 26 having its cir- 
cuit completed to the base of the transistor 12, and from 
which aa input, resistance 28, resistance 30, are used to 
30 complete a circuit to ground 18. From an intermediate 
point of resistances 28, 30, an input signal is applied 
through a capacitance 32 from a terminal 34. The posi- 
tive terminal 16 of . the direct current potential source 
is also connected through a resistance 36 to fee base of 
35 the transistor 14 and similarly to the collector of tran- 
sistor 12. An output signal or voltage may be derived 
from the switch circuit 10 by a terminal 38 which is 
connected to the collector of transistor 14. 

In the operation of the complementary regenerative 
40 switch, the wave forms of FIG. 2 are Illustrative of fee 
operation and are descriptive of the characteristics of 
fee circuit. The transistors 12, 14 are in the OFF con- 
dition in the absence of a signal Input being applied, to 
terminal 34, and similarly there is no potential at fee 
45 output terminal 38, as shown by fee wave form diagrams, 
in which the output is at a value 48 in the absence of 
an input, as shown. The . base of each of the transistors 
12, 14 Is at approximately fee same potential as Its re- 
spective emitter, and thus both transistors remain in the 
50 OFF condition. 

If there is' applied to the input terminal 34 a positive- 
going pulse or wave form 42, then the base of tran- 
sistor 12 becomes positive with respect to its emitter, and 
then the transistor is triggered to a point in the linear 
° a region of its characteristic, producing a voltage drop 
across fee capacitive-resistance renvork including resist- 
ance 25, and which also results i.i lowering the potential 
on the collector of transistor f 2. which in turn lowers 
tbe potential on the base of fee ?NP transistor 14. This 
action produces triggering of transistor 14 to its ON 
condition, since transistor 14 is quickly driven into satura- 
tion by regeneration taking place as shall be dcs ribed 
below. Saturation of transistor 14 results in collector cur- 
rent flow through resistances 22, 24 to raise the potential 
on fed collector of the PNP trim fc-or 14 to E c as shown 
by wave form 44, and is available at the output terminal 
38, By means of the capacitance resistance network, as 
exemplified in resistance 2o, be condition of transistor 
^0 14 produces a positive bias on the base .of fee NPN tran- 
sistor 12 which continues as long as the .< ansistors 12, 14 
are in their ON condition. In this state c; conduction, fee 
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loading of transistor 12 upon resistance 23 forces the 
positive, feedback ratio to be smalfer than the negative 
feedback ratio of the circuit, and the circuit I# cannot 
remain in tbs ON condition in the absence of a positive 
pulse applied to tbs input terminal 34. 

As the input signal applied to terminal 34 goes negative 
with respect to point 4$ oh the input wave form 42, then 
the transistor 14 is polled oat of saturation when the input 
wave force reaches point 58 of FIG. 2 , and regeneration 
takes place ta the negative direction that quickly drives 
the transistors OFF, that is, transistor 14 is driven out of 
saturation, and transistor 12 is then ia the OFF condition.- 

The PNP— NT-N configuration of the switch has a posi- 
tive feedback path and a negative feidback path, the 
positive feedback ratio -being greater and thereby per- 
mitting regeneration. The approximate positive feedback 
ratio is 

R-vi 
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Where V M is that voltage that causes the transistor 12 
to turn ON if it were isolated from the circuit, and'G is 
equal to: 

(2) r i (£»+&«) 

Rb+E»+R»+R* 

The circuit turns OFF when the voltage is: 
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Rn+Rn 

and the negative feedback ratio is 
Rzz 

Rn+Rn 

The output impedance is typically i? 34 /10. 

Thus it is seen that while the input voltage is applied 
to the circuit, the circuit is regenerative, and that when 
the signal is removed from terminal 34, the product of 
the forward gain and the backward gain is less than unity. 
The circuit turns ON when the input voltage is: 
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The high frequency response of the circuit 10 is im- 
proved where capacitor 6Q is applied to the circuit, hut 
otherwise it may be conveniently omitted. 

Additional embodiments of the invention in this specifi- 
cation will occur to others arid therefore it is intended ’ 
that the scops of the invention he limited only by the 
appended claims and not by the embodiment described 
hereinabove. Accordingly reference should be made to 
the following claims in determining the full scops of the 
invention. 

What is claimed is: 

S. A complementary regenerative switch for accepting 
an undefined voltage waveshape having a positive excur- 
sion and for delivering a square wave output, comprising 


an NPN transistor and a PNF transistor each having 
emitter, base, and collector; said emitter of said PNP 
transistor being connected to a tie point, said tie point 
adapted to receive a voltage source; circuit means con- 
necting the collector of the NPN transistor to the base 
of the PNP transistor a ad for connecting the collector of 
the PNP transistor to the emitter of the NPN transistor, 
each circuit means including a resistance coupling to 
unlike reference pewits; a first resistance network coupled 
between an input terminal and the base of the NPN tran- 
sistor; a second resistance network coupled between the 
collector of the PNP transistor and the base of the NPN 
transistor; means for applying an input signal to said input 
terminal whereby during positive excursion .of said input 
15 signal, operatic® of the NPN transistor ia its linear 
region is effected, which operation causes saturation of 
the PNP transistor, said saturation being effected by re- 
generation, and whereby upon the input signal being no 
longer positive, the PNP transistor becomes unsaturated 
and the transistors are each returned to a oonccmdactive 
condition by regeneration. 

2. The invention of claim i wherein the non-eonductive 
condition is achieved ripen removal of said input signal. 

3. The invention of claim t wherein a capacitance is 
connected across the second resistance network to- im- 
prove the high frequency response of the switch. 

4. The invention of claim 1 wherein a high conduct- 
ance path is that circuit means between the collector of 
the NPN transistor and the base of the PN? transistor, 

5. The invention of claim 4 wherein said circuit means 
connecting the collector of the PNP transistor to the emit- 
ter of the NPN transistor- includes a resistance. 

6 . A complementary regenerative switch for accepting 
an undefined voltage waveshape having a positive excur- 

35 sion and delivering a square wave output, comprising an 
NPN transistor and a PNP transistor each having emitter, 
base, and cohesion said emitter of said PNP transistor 
being, connected to a tie point, said tie point being adapted 
to receive a voltage source; means connecting the collector 
40 of the NPN transistor without an impedance means to 
the base of the PNP transistor; means for connecting the 
collector of the PNP transistor to the base of the NPN 
transistor including aa RC network, each of said connect- 
ing means including a resistance coupling from said con- 
necting means to unlike reference points; a first resistance 
network coupled between an input terminal and the base 
of the NPN transistor; a second resistance network cou- 
pled between the collector of the PNP transistor and the 
emitter of the NPN transistor; said input terminal adapted 
for applying, an input signal through the first resistance 
network whereby the NPN transistor, daring the positive 
excursion ©f the input signal, is conductive in its linear 
region, and the PNP transistor is rendered saturated and 
is held in saturation by the positive excursion of the input 
signal by regeneration, and upon an absence of the input 
signal the PNP transistor is no longer saturated and the 
transistors axe tfesa returned to a noa-conductive condi- 
tion by regeneration. 

60 No references cited. 
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